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You have been asked to think of objects as point particles rather than extended bodies up to 
this point in the semester. This assumption is useful and sometimes sufficient, however, the 
approximation of extended bodies as point particles gives an incomplete picture of the real 
world. Now we begin a more realistic description of the motion and interactions of objects. Real 
objects typically rotate as well as move along trajectories. You already possess plentiful 
experience with rotating objects in your everyday life. Every time you open or close a door, 
there is rotation. Rotating wheels are everywhere; balls spin when they are thrown; the Earth 
rotates about its axis. Rotations are important whether you are discussing galaxies or subatomic 
particles.  
 
An objectôs rotational motion can be described with the kinematic quantities you have already 
used: position, velocity, acceleration, and time. In these problems, you will explore the 
connection of these familiar linear kinematic quantities to a more convenient set of quantities for 
describing rotational kinematics: angle, angular velocity, angular acceleration, and time. Often, 
the analysis of an interaction requires the use of both linear and rotational kinematics. 
 
Rotational motion can best be analyzed using polar coordinates (r,ɗ), where r is the distance 
from the axis of rotation, and ɗ is the polar angle of rotation about that axis. You can extract the 
polar coordinates of a target point in a video image from its (x,y) coordinates using the 

coordinate transformation 
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where the axis of rotation is located at (xc,yc). In this lab you will collect data on the rotational 

and linear speed of an object and directly compare these quantities. The linear speed you will 
be finding will be the tangential speed of a rotating object at a specific radius, allowing you to 
calculate the angular speed for direct comparison to the actual angular speed. 

 
Pre-Lab 

 
Read Chapter 9 from Young & Freedmanôs University Physics before you arrive to perform the 
lab. You should be able to identify the connection between the linear description of motion and 
rotational description of motion. Learn how to calculate the angular speed and angular 
acceleration of a rotating object and be able to identify the angle of rotation in radians. You 
should have completed the first four labs. 
 
Questions to be answered in your lab journal: 

 
1. Write down the equation for the speed v of a point on a rotating object as a function of the 
distance r from the axis of rotation. Also write down the equation for the acceleration a of a point 
on a rotating object as a function of the distance r from the axis of rotation. 
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2. Write down two equations of motion for the angle of rotation ɗ of a point on a rotating object 
as a function of time t for constant angular acceleration Ŭ. Also write down an equation for the 
angular speed ɤ of a point on a rotating object as a function of time t for constant angular 
acceleration Ŭ. 

 
3. Write down the equation for the angular speed ɤ of a point on a rotating object as a function 
of the angle of rotation ɗ for constant angular acceleration Ŭ. 

 
4. Write down the equation for the centripetal acceleration ac of a point on a rotating object as a 
function of the distance r from the axis of rotation. How does ac relate to the angular speed ɤ? 
 

Experiment 1 
 
In this experiment you will spin a horizontal beam on a spindle stand and measure the 
tangential speed of numerous points on the beam. Using this data, you will plot a chart and 
obtain the slope of the line. The spinning beam will be captured to video and points selected to 
measure the velocity and acceleration. Donôt forget to keep track of the distance of these points 
from the axis of rotation. 

 
Procedure:  
 

1. Obtain a horizontal beam and 
spindle stand from the parts 
cabinet. Assemble the parts as 
shown in Figure 1. Position the 
camera directly overhead the 
beam. Practice spinning the 
beam so that the beam is 
moving slow enough for the 
camera to capture most of the 
motion in the frames but fast 
enough for the beam to make at 
least three complete 
revolutions. Due to friction in the 
bearings, the beam will be 
decelerating. 

 
2. Capture the spinning beam to 

video. You will need only one 
video.  

 
3. After all the movies for Lab 5 have been recorded for all three experiments, remove the 

memory card from the camera and insert the card into the computer. Copy the movies to 
your section folder under the C:\218Labs folder.  

 
4. Insert the movie for Experiment 1 into a new LoggerPro sheet. Use the Set Scale 

function and select two tick marks on the horizontal beam as your distance. Now Set 
Origin and drag the origin of your coordinate axes to the center of the spinning beam. 

This is your axis of rotation.  
 

Figure 1 
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5. You need to find the velocity of a point on the beam. To do this, you need at least two 
points at the same radius in consectutive video frames. The distance between the two 
points in consectutive frames needs to be as close as possible so that the linear 
distance between the two points is a reasonably good approximation of the arc length 
between the two points. The best method is to select two points as close to the x-axis as 
possible, thus the Y-Velocity given in LoggerPro that is computed from the two points will 
be the velocity v of the point chosen. Do this once for each of the first two revolutions so 
that you have at least two velocity quantities v1 and v2 for that point. 

 
 
 
 
 
 
 
 
 
 
 
 

You will have four points selected in LoggerPro, but it is important to remember that the 
only velocity components you need are those between the first two points and the third 
and fourth points. The velocity computed between the second and third points is not a 
physical quantity since it is computed from the first to the second revolution. It will be a 
very small quantity, whereas the correct velocity quantities you want are the larger 
quantities. 

 
6. Once you have v1 and v2 for one distance from the axis of rotation, now repeat step 5. 

for four more points on the spinning beam at four different distances from the axis of 
rotation. When finished, you will have v1 and v2 for five different radii, or five different v1 
and five different v2. 

 

7. Export your data to a text file and save the text file in your section folder. Remember to 
also either save this text file to a USB flash drive or email this text file to yourself when 
you are finished with the lab. 

 
Questions to be answered in your Technical Memo: 
 
1. Using your v1 quantities, plot a chart of v vs. r. This means the vertical axis is the velocity v1 
and the horizontal axis is the radius r. Your chart will have five points. Insert a first order 
trendline on your chart, displaying the equation for the trendline. From the equation, you can 
determine the slope of the line. Note the slope in your TM. What physical quantity is this slope?  
 
2. Now plot a chart of a vs. r, where a is the linear acceleration. Use your values of v1 and v2 to 
find the acceleration a at that radius. Recall 
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Calculate all five accelerations for the five different radii that you chose. Your chart will have five 
points. Insert a first order trendline on your chart, displaying the equation for the trendline. From 
the equation, you can determine the slope of the line. Note the slope in your TM. What physical 
quantity is this slope? 
 
3. Is the velocity constant or is it changing? Explain. 
 
4. Is the speed constant or is it changing? Explain. 
 

Experiment 2 
 
In this Experiment you will be aligning a cart on the frictionless air track with the edge of a large 
disk mounted on the spindle shaft. If aligned properly, the speed of the cart will be the tangential 
speed of the rotating disk. You will measure both of these quantities and compare them. The 
cart will be connected to the disk via a string so that the speed of the cart will be the same as 
the tangential speed of the disk. The difficulty in this experiment will be keeping the string taut. 
To accomplish this, the air track will have to be raised to a slight angle. Remember to measure 
this angle and record it in your lab journal. 
 
Procedure:  
 

1. Obtain an air cart and disk from the 
parts cabinet, as well as some 
masking tape and string from your 
TA. Insert the disk on top of the 
spindle shaft and move the spindle 
assembly to the end of the air track. 
Align the edge of the disk with the air 
track. Secure one end of the string 
to the disk using masking tape and 
tie the other end of the string to an 
air cart on the track. The string 
should be stretched very straight 
along the air track to the disk and 
run over the air track pulley. Wind 
the string around the disk so that the 
air cart is at the end of the track near 
the disk. See Figure 2. Place a riser 
block underneath the air track legs to angle the track enough to keep the string taut 
while the air cart glides down the track. Measure the angle. Also measure the radius of 
the disk and weigh the cart. 

 
2. Position the camera overhead and zoom out enough so that the linear motion of the air 

cart and the rotation of the disk can be viewed in the video. With the track angled up, let 
go of the cart so that the cart glides down the track. Capture the motion to video until the 
cart moves out of the camera field of view. 

 
3. Repeat step 2. two more times so that you have three total movies of the cart and disk. 

 

Figure 2 
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4. After all the movies for Lab 5 have been recorded for all three experiments, remove the 
memory card from the camera and insert the card into the computer. Copy the movies to 
your section folder under the C:\218Labs folder.  

 
5. Insert one of the movies for Experiment 2 into a new LoggerPro sheet. Use the Set 

Scale function and use two tick marks on the air track as your distance. Next, use the 
Add Point function and select the same point on the cart such that you have at least two 
data points for the cartôs motion. Now Set Origin and drag the origin of your coordinate 

axes to the first point selected. Rotate your axes so that the motion of the cart is aligned 
with the x-axis. This determines the velocity of the cart. 

 
6. Now you  need to find the tangential velocity of the disk. Use the same method you used 

in Experiment 1 to find the tangential velocity, but this time select the two points at the 
bottom of the disk so that the X-Velocity in LoggerPro is your tangential speed v. You 
only need to find one speed v for each movie in this experiment. However, it is very 
important that you select your two points from the same two frames that you selected the 
points for the speed of the cart in step 5. This will allow you to make a direct comparison 
of the tangential speed of the disk and the linear speed of the cart since they will have 
been measured at the exact same time. You can do this by adding a second data series 
in your current LoggerPro sheet, or by exporting your current data to a text file, then 
opening a new LoggerPro sheet and inserting the movie, then selecting only those data 
points for the disk. 

 
7. Repeat steps 5. and 6. for the remaining two movies. 

 
Questions to be answered in your Technical Memo: 

 
1. In your TM, compare the tangential speed of the disk with the speed of the cart for all three 
movies. 
 
2. Calculate the angular speed of the disk form the tangential speed of the disk and the radius. 
Now calculate the angular speed of the disk from the speed of the cart and the radius of the 
disk. Do this for all three movies. 
 
3. Calculate the tension in the string. You can do this by drawing a free-body diagram of the cart 
and writing your force equations in the x and y directions, remembering that the track was 
angled. To do this, you will need to find the acceleration a of the cart from your two velocity 
points. To find the acceleration, recall 
 

ὥ=
ὺὪ ὺὭ

ὸὪ ὸὭ
 

 

 
Experiment 3 

 
In this experiment you will be using just the spindle, but this time hanging weights over the edge 
of the table and measuring the acceleration of the weight. The camera on a mount cannot 
record the speed of the mass on the hanger directly, so the string will be marked so that the 
acceleration of the string can be measured. The string will be wound around the spool on the 
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spindle shaft. The spool on the shaft has different radii, so choose the one with the largest 
radius and donôt forget to measure the radius and note the value in your lab journal. 
 
Procedure:  
 

1. Remove the disk from the spindle 
shaft and secure a length of string 
to the largest diameter spool on the 
shaft. Measure the radius of the 
spool where you wind the string. 
Obtain a pulley clamp from the 
parts cabinet and clamp the pulley 
to the metal lip on the edge of the 
lab bench. Using either a mass 
hanger or a hanging mass, hang a 
mass on the string. When 
performing your calculations, if you 
are using the mass hanger, donôt 
forget to include the mass of the 
hanger. Place a mark or a piece of 
masking tape on the string near the 
spool on the shaft. Place something on the floor where the mass will strike after free fall 
in order to keep the mass hanger or floor from being damaged. See Figure 3. 

 
2. Position the camera overhead so that the mark or piece of tape on the string can be 

viewed in the camera field of view. Place a measuring stick in the camera field of view to 
set the scale. Let the mass free fall and record the motion of the string. 

 
3. Now repeat step 2. with two different masses on the string. 

 
4. After all the movies for Lab 5 have been recorded for all three experiments, remove the 

memory card from the camera and insert the card into the computer. Copy the movies to 
your section folder under the C:\218Labs folder.  

 
5. Insert one of the movies for Experiment 3 into a new LoggerPro sheet. Use the Set 

Scale function and use two tick marks on the measuring stick as your distance. Next, 
use the Add Point function and select at least three points on the mark or piece of tape 
on the string. Now Set Origin and drag the origin of your coordinate axes to the first point 

selected. Rotate your axes so that the motion of the string is aligned with the x-axis. This 
determines the velocity of the mass, and hence, the acceleration. 
 

6. Repeat step 5. for the remaining two movies. 
 
Questions to be answered in your Technical Memo: 
 
1.  Determine the acceleration a of the mass on the string. This can be found from the velocity v 

of the string. Do this for all three movies. Recall 
 

ὥ=
ὺὪ ὺὭ
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Figure 3 


